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Abstract This paper examines the relationship between domestic water use and socioeconomic,
environmental, and spatial parameters at the household level in a small rural village in north-
ern Minas Gerais State. Five methods are used — direct observation, household interviews, self-re-
porting by households, regression analysis, and statistical mapping. Results show that water use
is characterized by 1) generally low but widely fluctuating values per person per day, 2) sharing
of water sources between households, 3) the use of multiple sources by individual households, 4)
avoidance of heavily contaminated stream sites, and 5) predominance of socioeconomic factors
in water use. Households owning their own water supply used, on average, 25.3 liters per per-
son/day and those without a supply 9.0 I, with higher use of the local streams among the latter.
Water use varied spatially. The socioeconomic factors house quality, latrine ownership, type of
water source, and a utility index were significantly correlated with water use. Implications of
these simple household water sources and the more deficient sanitary facilities for potential wa-
ter-borne disease transmission are briefly discussed and suggestions made for further improve-
ments. This study confirms the appropriateness of the application of direct observation, inter-
view, and microgeographical methods for quantitative water use studies.

Key words Domestic Water Consumption; Rural Water Supply; Water Quantity

Resumo Este trabalho teve como objetivo estudar a relacao da utilizagdo doméstica de dgua
com fatores so6cio-econdmicos, ambientais e espaciais em comunidade rural do nordeste de Mi-
nas Gerais. Utilizamos observacao direta, entrevistas, questionario, analise de regressao e mapas
estatisticos. Os resultados mostraram que a utilizacao da agua é caracterizada por 1) valores ge-
ralmente baixos mas altamente flutuantes por pessoa/dia; 2) uso comum das fontes de agua en-
tre familias; 3) uso de varias fontes de 4gua; 4) ndo utilizacdo de locais altamente contaminados
dos corregos e 5) predominancia de fatores sécio-econdmicos. Os domicilios que possuem fonte
prépria de agua utilizaram, em média, 25,3 litros por pessoa/dia e aqueles sem fonte prépria, 9,0 I,
com o ultimo grupo utilizando mais as dguas dos corregos. O uso de dgua apresentou, ainda, va-
riagdo espacial. Os fatores s6cio-econdémicos, condi¢des de moradia, presenca de fossa, tipo de
agua e indice de bens de consumo foram relacionados significativamente ao uso de 4gua. Os da-
dos sugerem uma relacéo entre fonte de agua, condigBes sanitarias e a ocorréncia de doengas
transmitidas pela dgua. Este estudo confirma a adequac¢&o dos métodos microgeogréficos, de ob-
servacao direta e de entrevista para os estudos quantitativos sobre utilizacao de 4gua.

Palavras-chave Consumo Doméstico de Agua; Abastecimento Rural de Agua; Quantidade de Agua
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Introduction

Not only quality but also quantity of domestic
water supplies impacts on human health. The
review by Esrey & Habicht (1986) of 65 epi-
demiological studies on the health effects of
improved water supplies and sanitation facili-
ties indicates that quantity of water is often
more important than quality, particularly in
heavily contaminated environments. Many rur-
al communities in the poorer, northern part of
Brazil lack safe water supplies (Giugliani,1989).
Water consumption correlates with size of
communities and varies between regions. In
1980, total water use varied from 350-450 liters
per capita per day in Sdo Paulo and Rio de
Janeiro and 250 liters in Curitiba to 200 liters in
the large cities, 150 liters in medium-sized
cities, and 100 liters in small towns of the
northeast (Tonilio, 1982). Metered consump-
tion in Sdo Paulo in 1988 was 237 liters per
capita per day and 211 liters in Brasilia (Yepes
& Diandera, 1996). Rural communities in Latin
America have been estimated to use 40 liters
per capita per day from standpipes, consider-
ably below the 100-190 liters used by urban
households from piped connections (Saunders
& Warford, 1976). The lowest consumption lev-
els have been reported from rural African com-
munities (1-25 liters per capita per day), signif-
icantly below the USAID recommended target
of 20-40 liters per capita per day (USAID, 1982;
Teka, 1993).

Most water use studies in Brazil have fo-
cused on engineering aspects of large urban
water systems and few on socioeconomic as-
pects of rural water sources, even though the
highest prevalence rates of water-related dis-
eases are found in rural communities. The ur-
gency of providing improved water sources is
also indicated by various health benefits they
can confer, ranging from the reduction in the
incidence of dysentery, schistosomiasis, and
other water-related infectious diseases to sec-
ondary impacts, such as promotion of commu-
nity participation in primary health care (Eng
et al., 1990; Mohundwa, 1986). Current efforts
to develop a viable primary health care pro-
gram in Brazil (Haines, 1995) may further in-
crease the need for relevant information on do-
mestic water use in rural areas.

Studies in various tropical regions have
shown that the type, location, season, use pat-
terns, and maintenance of improved and semi-
improved domestic water sources affect the
quality and quantity of water available to rur-
al households (Cairncross, 1989; White et al.
1972). Whereas the problem of frequent hand
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pump breakage is well-known, there is little in-
formation on other factors in rural water use,
such as preference for different water sources
and sharing of the same sources by different
households (Gorter et al.,1995; Saunders &
Warford, 1976). Similarly, few studies world-
wide and none in Brazil have studied quantita-
tively the use of multiple improved and semi-
improved water sources by the same house-
holds. But this information is needed if com-
munity participation is to contribute to the
planning, implementation, and maintenance
of water supply systems (Sawyer, 1996). Lastly,
there is a need to develop methodologies for
the study of rural water use that permit com-
prehensive analysis of the problem and com-
parability of the results by different investiga-
tors.

The objective of this paper is to examine
domestic water use in Nova Uniéo village in
Itabirinha de Mantena Municipio, Minas Ge-
rais State in Brazil, a subsistence agricultural
community of about 200 people. The focus is
on quantifying water obtained from all sources
by households in relation to socioeconomic,
environmental, and distance factors and on
evaluating several data-collecting and analytic
methods. Daily and seasonal variations in wa-
ter use and amounts used for different domes-
tic activities are examined in a separate paper.
This study forms an integral part of an ongoing
epidemiological and human behavioral inves-
tigation of schistosomiasis with a health edu-
cation intervention in Nova Unido and the
neighboring village of Boa Unido. Results of
this study may also be useful to planners de-
signing water supply systems for small rural
communities in poorer areas of Brazil.

Methods

Water sources, frequency of contacts,
and quantity of water

One 7-day water contact survey using the di-
rect observation method described by WHO
(1979) and Kloos et al. (1990, 1997a) and a
questionnaire survey covering all households
in Nova Unido were carried out in July (dry sea-
son) 1996. A second, more comprehensive wa-
ter contact survey covering not only the fre-
quency, duration, and location of water con-
tacts but also the quantity of water drawn by
households without a water source was carried
out in November (rainy season) 1996. Six local
grade school students were selected with the
assistance of community leaders and employed



for half-day shifts to observe and record all wa-
ter contact activities at 24 sites for 7 consecu-
tive days between 7:30 A.M. and 5:30 P.M.
These sites were at streams, wells, protected
springs, rubber pipes bringing water from
springs, fish ponds, and a play pond construct-
ed by children (Figure 1). The observers, each
of them assigned to specific contact sites,
recorded on forms the names, age, sex, and
house number of all persons coming in contact
with water at these sites, the type of water con-
tact activity (washing clothes, fetching water,
washing hands, face or feet, bathing, washing
utensils, stream crossing, fishing, playing, irri-
gating gardens, and “other activities”), duration
of each contact, and the site used. Random
spot checks of observation and recording ac-
tivities were made daily, and water use before
and after the observation period was observed
on 4 days by one of the investigators (H.K.) for
quality control. A census list was used to delete
from the study all persons not living de facto in
the 39 households included in the study.

Because the water use of households with
their own water supply could not be effectively
observed, they were interviewed twice a day
(between 11:30 A.M.-12:30 P.M. and 5:30 PM.-
6:30 PM.) during the 7-day study in November
about the quantity of water (in liters) they had
used during the day for different activities. In
addition, the female heads of 4 households
were asked to record on forms the quantity of
all water used for individual activities carried
out in the house for a 3-day period.

Three households which were temporarily
absent as well as 1 household with unreliable
November water use data were excluded from
this study. Two other households, located out-
side the village proper, were permanently ex-
cluded for logistic reasons.

Socioeconomic and environmental factors

Focus group discussions were held in July 1996
among 3 groups each consisting of school-aged
children and adult men and women with the
objective of identifying the major health and
economic problems in Nova Uniao, as well as
patterns and problems of domestic water use
and as background for the questionnaires. Un-
structured interviews among informants who
were repeatedly visited during the 4 trips to
Nova Unido in 1996 provided detailed informa-
tion on water sharing practices, social patterns,
and the construction and maintenance of im-
proved water supplies and latrines. A pre-test-
ed questionnaire was administered by 2 of the
investigators (A.O. and M.C.) to all households
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in August 1996. This informed on socioeco-
nomic level, demographic patterns, water
sources used for different activities throughout
the year, environmental sanitation, household
income, and demographic parameters.

A utility index was constructed for each
household as a measure of wealth based on
material possessions, due to the common prob-
lem of obtaining reliable information on in-
come in rural areas and the effective use of
such indices by other investigators of rural wa-
ter use (White et al., 1972). Each variable incor-
porated into this index was assigned different
scores for quantitative analysis, as follows: no
utilities owned (0 score), radio (1), radio and
wood fuel for cooking (score 1 each), gas for
cooking and video (2 each), electricity for
cooking and TV (3 each), refrigerator (4), mo-
torcycle (5), car (6), land ownership (7).

A house quality index was also developed
as a measure of material wealth and environ-
mental sanitation by integrating quality of
house floor (dirt floor score 1, wood 2, concrete
3, ceramic tile 4), walls (wood stick/mud 1,
wood 2, concrete 3, tile 4), roof (wood 1, corru-
gated steel 2, asbestos 3, tile 4) and environ-
mental sanitation and house maintenance,
both inside the house and outside (very dirty
and poorly maintained 1, medium 2, very clean
and well maintained 3). The information on
wealth was obtained from household inter-
views and on environmental sanitation and
house maintenance from direct observation by
interviewers.

Distance

Maps were prepared of the location of all occu-
pied houses, streams, and their water contact
sites, fish ponds, wells, springs, piped water
outlets, latrines, and fences (Figure 1). The fre-
quency and duration of all contacts and of
fetching water outside the home were mapped.
The distance traveled by household members
to fetch water was calculated using the straight
line method, which has been successfully ap-
plied in various water contact studies (Kloos et
al., 1983, 1997).

Quantitative analysis

Simple correlation and multiple linear regres-
sion analyses (forward stepwise) were carried
out to examine the relationship between per
capita water use and socioeconomic, environ-
mental, and distance variables.
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Figura 1

Nova Unido: study households and water sources.
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Results

Study community, population,
and water supply

Nova Uniao has nearly 200 people, based on
our 1996 census. Daily farm labor and share-
cropping in coffee, beans, maize, and rice, as
well as cattle ranching on small and medium-
sized farms (fazendas) are the main sources of
income. The village is only about 30 years old,
and the original settlers and their descendants,
most of whom originated on nearby fazendas,
form a social nucleus. Nova Uniédo has no pub-
lic services besides a grade school teaching
grades 1-4, electricity, and a bus service to the
center of Itabirinha de Mantena Municipio
(County) and other nearby towns. All house-
holds developed their own water sources using
their own resources without government or
NGO (nongovernmental organization) sup-
port. Twenty-four of the 39 households had
wells, protected springs, and piped spring wa-
ter; the remaining households obtained their
domestic water from these owners or from the
streams. Only 10 households, the 2 churches
and the school had latrines, all of the pour-
flush type which discharged via plastic pipes
into the nearby streams (Figure 1). The poverty
of most households necessitates that school
children frequently work in agriculture, a ma-
jor factor in the low educational level of the
population. Many young people migrate to
towns in search of non-farm jobs, but births
and new settlers maintain a low population
growth rate.

Quantity of water used

A total of 20,918 liters drawn from all sources
were recorded by direct observation and the
household surveys for the 35 study households.
Mean quantities per household were 820.7
liters for households owning water sources and
220.2 liters for those lacking a source but
amounts drawn by individual households
ranged from 20 to 1,592 liters. Mean amounts
per capita per day were 25.3 liters for owner
households and 9.0 liters for non-owner house-
holds, with 8 households in the latter using less
than 10 liters and 4 households in the former
using more than 40 liters. Total amounts were
significantly smaller, on average, for wells with
electric pumps than manual sources (p<0.05),
although the largest per capita amounts (70.5
liters) were used by a household using a well
with a pump. An estimated 85% of all water
used for domestic purposes in November came
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from improved sources and 15% from the
streams, although quantities of water used dur-
ing activities carried out at the streams cannot
be reliably quantified. These estimates are
based on the frequency and duration of differ-
ent types of water contact activities and esti-
mates of the actual amount of water used (Fig-
ures 2 and 3). Direct observation showed that
more than 99% of all water was fetched from
improved sources and only 0.7% from the
streams, mostly for washing clothes and house
cleaning. Non-owners obtained larger amounts
from the streams than owners (Table 1).

Self-reporting of water used during 2 days
in the home by 4 households owning a water
source showed that 41% of the total 1,794 liters
drawn were used for personal hygiene (bathing
mostly, also washing hands and other parts of
the body, and laundering), 33% for cooking,
drinking, and washing of utensils, and 24% for
environmental sanitation (washing floors and
flushing toilets).

Ownership of water sources, social relations,
and sharing of water

Use of water from improved sources in other
houses and of streams varied considerably
among households and between the owner and
non-owner groups. Ten of the 22 households
with a source shared their water with house-
holds lacking a source. Two of the owners
shared with as many as 7 other households,
mostly non-owners. Some owners also used
water from neighbors and relatives. Most non-
owners and owners using water from other
households used more than one and as many
as 4 sources (Figure 3). According to infor-
mants, water sharing was based mainly on kin-
ship, social relations and cost-sharing arrange-
ments. Whereas water from wells and springs
was shared free of charge, some households
shared the cost of installing plastic pipes from
springs, 2 of which supplied 3 households each
(Figure 1). The well of the household owning a
small store in the center of the village was the
most heavily used source. In the downstream
half of the village, particularly below the cross
street where the first settlers reside, most wa-
ter was shared with relatives (Figures 2 and 3).
Use of the sources in the neighborhood with
an abundant supply of water also provided
for gossip during the lengthy laundering ac-
tivities and for adolescent girls to be seen by
boys. Wells were generally preferred over pro-
tected springs for drinking and cooking as
their water was considered to be cleaner com-
ing from a deep source but 2 well owners away
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Figura 2

Number of water contacts with the streams per household. A: households owning a water source;
B: households not owning a water source.
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Figura 3

DOMESTIC WATER USE IN RURAL BRAZIL

Quantity of water (in liters) obtained by households from neighbors or relatives. A: households owning a water source;

B: households not owning a water source.
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Table 1

Total quantity (liters) of water fetched from all sources and from streams by 22 households owning water sources and 13 households

without sources during 7 days in relation to type of water source and number of persons per household.

Household ne

Water source owned

ne of persons

Total quantity

Streams (%)

Liters/person/day

Owners
1

© 0o N o 0o b~ wWw N

N NN R R R R R P P PR
N P O © 0o N o 0 b WN R O

Non-owners

© 0 N o U~ W N R

I el =
w N P O

Owners subtotal
(mean per household)

Non-owners subtotal

(mean)

Well, manual

Well, manual

Well, manual

Well, manual

Well with pump
Well with pump
Well with pump
Protected spring
Protected spring
Protected spring
Pipe from spring
Pipe from spring
Pipe from spring
Pipe from spring
Pipe from spring
Pipe from spring
Pipe from spring
Pipe from spring
Pipe from spring
Pipe from spring

Pipe and manual well
Pipe and manual well

None
None
None
None
None
None
None
None
None
None
None
None
None

g N N o o g s B WNDNMNSNOO OO O WNNO© o aN

o o g o BB WWNDNPR P

105 (4.0)

46 (3.5)

1,188
1,306
414

108

20
156

82
286
181
202

18,055 (820.7)

2,863 (220.2)
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93 (0.5)

62 (2.2)

32.2
45.5
17.9
20.9*
70.5
18.2
15.5*
28.3
31.1
8.4
38.2
26.0
26.5
60.3
26.9
33.3
19.8
37.2
13.0*
8.5
45.7
32.6

18.0*
2.9
11.1
5.9
13.6
8.6
7.2
4.0
7.6
4.5
17.6
3.9
13.4

(25.3)

(9.0

* These households were absent for one or more days during the study period and we calculated their water use
for only the days they were in Nova Unido.
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from the main stream complained of inade-
quate, poor quality supplies and used wells
nearer to the stream to meet their needs (Fig-
ure 3).

The sharing of the manually operated wells
and pipes with neighbors and relatives con-
trasts with the restrictive use of wells with
pumps. The owners of these wells mentioned
the high cost of electricity as the reason for not
sharing them with other households. This is al-
so indicated by the low per capita use in 2 of
the 3 households owning wells with pumps
(Figure 2). More recent installations of electric
pumps in additional households have resulted
in additional changes in water use patterns,
which will be reported separately.

Distance

Distance between households and water
sources had only a moderate influence on use
patterns. While all households obtaining water
from other households relied on sources in
their immediate neighborhoods, many of them
did not use the nearest improved source or
stream site (Figures 2 and 3).

Stream use

Household members traveled considerably far-
ther to the stream contact sites than to im-
proved water sources. More than 80% of all
recorded stream contacts were at the favored,
less polluted 2 laundry and utensil washing
sites upstream, outside the village, and the wa-
ter fetching site at the upstream end of the vil-
lage. The 2 other stream sites used primarily for
washing utensils were on the right tributary
stream in the lower section of the village. The
stream sites in the center of the village, which
are contaminated by the effluent of latrines,
were rarely used by adults but by children for
playing or fishing. Three of the 4 fish ponds
containing water in November were occasion-
ally used by children for playing and fishing
(Figures 2 and 3).

Maintenance and improvements of systems

All households were asked about the nature
and frequency of maintaining their water sys-
tems. All owners of wells and protected springs
stated that they clean them several times a
year, mostly of debris and algae, and keep the
ground around these sources from becoming
muddy. These labor intensive operations typi-
cally involve emptying of the wells and springs
and scrubbing the stone walls with brushes.

DOMESTIC WATER USE IN RURAL BRAZIL

Several owners were particularly concerned
about aquatic snails and worms as possible
disease-causing organisms. At least one spring
was found to contain infected schistosomiasis
intermediate host snails (Biomphalaria glabra-
ta). Three new piped household connections
with wash basins and showers were installed
and 2 manual wells constructed during the Ju-
ly-November period.

Simple correlation analysis

Simple correlation analysis was carried out to
examine the relationship between individual
pairs of variables. House quality, the variable
most strongly associated with the dependent
variable liters of water fetched per person per
day (R =0.7177) was also significantly correlat-
ed with number of rooms, income, duration of
stay in Nova Unidao, the utility index, and la-
trine. All socioeconomic variables, except
number of children working in agriculture and
number of persons per household, were posi-
tively correlated with water use, as was the
presence of a latrine. The negative correlation
between number of working children and
most socioeconomic variables (Table 2) is con-
sistent with the smaller, poorer households
lacking their own water source (Table 1). The
influence of poverty on per capita water use
is also borne out by the negative correlation
between distance to the nearest improved
water source and water use as well as all so-
cioeconomic variables and type of water sup-
ply (Table 2).

Multiple regression analysis

A forward stepwise multiple regression analy-
sis was used to determine the relative contri-
bution of each of the 11 independent vari-
ables to per capita/per day water use. House
quality, being the dominant variable, was first
entered into the model, followed by type of
water supply, latrine ownership, and the utili-
ty index, in that order. These 4 variables, all
significantly associated with liters of water
fetched per capita per day, explained 84.6% of
the variation in the dependent variable. House
quality remained significantly associated un-
til all 10 variables were entered into the model
and latrine nearly so. None of the other 6 oth-
er variables contributed significantly to the
model. The variable entered last, number of
rooms, contributed nothing and was deleted
(Table 3).
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Table 2

Correlation matrix of the relationship between liters of water fetched per person per day (water used) and 9 independent variables.

1) (2 ®3) 4 ®) (6) ™ (8) (9) (10)

Water used (1)

Water source (2) 0.5470**
ne persons (3) -0.2077 0.031
Utility index (4) 0.1224 0.0742 0.0457
Latrine (5) 0.5700** 0.3079 0.1045 0.1820
Income (6) 0.4156** 0.1195 -0.3810* 0.4329** 0.3917*
Child work (7) -0.249 -0.0353 -0.3810* 0.2038 -0.3037 -0.2081
Education (8) 0.07278 0.1932 -0.2052 0.2560 0.2438 0.0554 -0.2354
Distance (9) -0.5358**  -0.6238** 0.1996 -0.2226 -0.1418 0.1113 -0.1219 -0.1970
House quality (10) 0.7177** 0.3553* -0.1810 0.4635** 0.4136* 0.5186** 0.0132 0.1151 -0.4779**
*Probability < 0.05
** < 0.01
Table 3
Summary of stepwise regression of independent variables significantly correlated with liters/per capita/per day.
Step n Variable entered Multiple R Probabil. F-ratio Partial R Probalil. Adjusted R2
1 House quality 0.7177 <0.0001 35.04 0.6744 <0.0001
2 Type of 0.7827 0.0078 25.31 0.4052 0.0214
3 Latrine 0.8203 0.0323 21.25 0.4205 0.0165 0.6776
4 Utility index 0.8459 0.0423 18.87 -0.3611 0.0423
10 All 10 variables 0.8721 7.62

0.6537

Discussion and conclusion

This study of domestic water use in a small rur-
al community revealed some well-known and
other new relationships with socioeconomic,
demographic, and environmental factors. Fore-
most, the predominance of privately owned,
constructed, and maintained water systems in
Nova Unido village represents an effective
adaptation to a poor socioeconomic environ-
ment with relatively well endowed surface and
groundwater resources. Both the initiatives of
individual households to construct and main-
tain simple, low-cost systems and their willing-
ness to share their water sources with villagers
lacking their own supply assures that basic
needs for domestic water are being met, al-
though the large variations in per capita water
use among households indicate a need for ad-
ditional water. The large proportion of water
used for personal hygiene and sanitation in the
home reflects considerable hygiene conscious-
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ness in the population, in contrast to many ar-
eas in the Andean countries, where traditional
hygiene practices depress water use (Sara et
al., 1996).

The methodology developed here for em-
pirical water studies has applications not only
for the development of community water
sources but also for the control of schistosomi-
asis and other water-related diseases. By spa-
tially and statistically correlating various mea-
sures of water contact behavior and water use
with infection level of households (or individu-
als), high-risk behavior amenable to health ed-
ucation may be identified at the community
and neighborhood levels and the role of im-
proved water supplies for the prevention of
transmission evaluated. All earlier studies of
the impact of improved water supplies on
schistosomiasis in Brazil were based on the in-
terview methods only, which cannot provide
verifiable and mappable data (Kloos et al.,
1997b).



While the quantity of water fetched from
the streams for home use was insignificant fur-
ther indicating that improved sources are pro-
viding a fairly adequate supply for cooking and
drinking frequent use of the local streams for
washing clothes and utensils reveal a need for
appropriate community laundry facilities. Per-
sistent use of the streams in the presence of
abundant groundwater and other improved
sources was also described in Egypt and asso-
ciated with water preferences, the need for ap-
propriate physical settings (presence of rocks
for beating laundry, grassy areas for drying
clothes, and absence of muddy drainage water
around wells and springs), and social interac-
tions of the users, breakdown of piped systems,
and long waiting lines at the community
pumps (El Katsha et al., 1989; Kloos et al., 1983;
Khairy, 1986). Nevertheless, wide variations in
per capita per day water use among both own-
ers and non-owners requires that the degree of
their satisfaction with available supplies be
determined further.

Although the private water sources in Nova
Unido come close to what White et al. (1972)
described as the “ideal case of individual man-
agement for individual families”, from the
point of view of cost effectiveness and mainte-
nance, the manual wells and protected springs
which are being used by various households
may be at increased risk of microbial contami-
nation, as observed elsewhere (White et al.,
1972). Unimproved bucket wells, rope wells
with windlass, and sources without a cement
cover, all of which exist in Nova Unido, are par-
ticularly susceptible to contamination (Gorter
et al., 1995), as is the nearness of most springs
to latrines. Although residents did not consider
diarrheal diseases to be a major problem, the
potability of improved sources has not been
determined.

The role of socioeconomic level in water use
has been well established (White et al., 1972;
Saunders & Warford, 1976), but the strength of
the these relationships in this small rural vil-
lage lacking the socioeconomic diversity of
towns comes as a surprise. This finding is par-
ticularly noteworthy in Nova Unido, where the
cost of materials for constructing a manual
well is low (20-30 Reais = 20-30$US). Neverthe-
less, the extremely low income levels of the
population, also indicated by widespread child
labor, renders these costs unaffordable for
many households.

The use of more than one water source by
many individual households has been de-
scribed in other tropical areas characterized
by the availability of different improved and
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unimproved sources (White et al., 1972; Kloos
et al., 1983; 1997a, Some & Omurwa, 1994).
Use of multiple sources contributes to meet-
ing social needs and the water requirements of
households, since different types of water are
preferred for different household activities,
such as stream water for laundering and wash-
ing parts of the body after work in the fields
and well and spring water for cooking, drink-
ing, bathing, and other household chores.

In contrast to the improved water sources,
the private latrines are hardly acceptable. Their
effluent contaminates the streams with human
excrement and ova of the highly prevalent S.
mansoni, Ancylostoma duodenale, and Ascaris
lumbricoides parasites (R. C. Oliveira, unpub-
lished data). Moreover, absence of latrines
among poor families contributes to contami-
nation of the environment around houses and
water sources. Although the family-construct-
ed latrines were better maintained than in
some Latin American externally funded wa-
ter/sanitation projects (Sara et al. 1996), latrine
use remains sporadic in this agricultural com-
munity. This situation appears to be due main-
ly to the poverty of the population rather than
traditional defecation practices, indicated by
the relatively high cost of latrines and the ex-
tensive use of water for personal hygiene. In
addition to raising economic levels, improve-
ments in sanitation and health education in
combination with improvements in water sup-
plies may be a prerequisite to improving health
levels, as noted elsewhere (Esrey, 1996; VanDer-
slice & Briscoe, 1995).

This study indicates that direct observation,
the method used to measure quantity of water
drawn by non-owners from various improved
sources, can yield detailed, reliable, and com-
plete information and may thus be appropriate
for use at the household level in small commu-
nities. This method, used in the past almost ex-
clusively for water contact studies measuring
risk behavior in schistosomiasis epidemiology
(WHO, 1979; Kloos et al., 1990, 1997a), may
thus be adapted for use in studies quantifying
domestic water use in communities where wa-
ter-fetching activities can be reliably observed.
The presence in Nova Unido of households
lacking their own water supply who used
sources of other households and use of mainly
3 sizes of buckets (9, 12, and 18 liters) facilitat-
ed the observation and measuring process.

This study also shows that spatial analysis,
another method previously used in water con-
tact studies (Kloos et al., 1983; 1997a), can be
successfully adapted to domestic water use
studies. Mapping can elucidate not only the
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role of distance on amounts of water drawn but
also the relationship between water use and the
distribution of different factors at the house-
hold and neighborhood levels, such as types of
water sources owned and used, contamination
of water sources, and social networks.

We conclude that further studies are need-
ed in communities with different socioeco-

Acknowledgments

We thank the people of Nova Unido, particularly the
observers Elias Damiéo, Sebastido de Assis Pereira,
Isaias Damido, Ozéias Gongalves Neto, Roberto Gal-
dino de Souza, Edivan Martins Berto, and Geneci Gal-
dino de Souza for their assistance with the water use
study and Jodo Teixeira Damido, Onilia Damido, and
Aurélio Donadia for technical assistance.

This work was supported by Small Grants/TDR/
UNDP/World Bank/WHO; Pré-Reitoria de Pesquisa
da Universidade Federal de Minas Gerais — PRPq/
UFMG; Fundagdo de Amparo a Pesquisa de Minas
Gerais - FAPEMIG, Conselho de Desenvolvimento
Cientifico e Tecnoldgico — CNPq, Programa de Apoio
a Grupos de Exceléncia - PRONEX/ CNPQ/FINEP,
National Institutes of Health — NIH/ Grant Al126505.

References

CAIRNCROSS, S., 1989. Water supply and sanitation:
an agenda for research. Journal of Tropical Medi-
cine and Hygiene, 91:301-314.

EL-KATSHA, S.; YOUNIS, A; EL-SEBAIE, O. & HUS-
SEIN, A., 1989. Women, Water and Sanitation:
Household Water Use in Two Egyptian Villages.
Cairo: The American University of Cairo Press.

ENG, S. A.; BRISCOE, J. & CUNNINGHAM, A., 1990.
Participation effect from water projects on EPI.
Social Science and Medicine, 30:1349-1358.

ESREY, S. A., 1996. Water, waste and well-being: a
multicountry study. American Journal of Epi-
demiology, 143:608-623.

ESREY, S. A. & HABICHT, J. P, 1986. Epidemiological
evidence for health benefits from improved water
supplies and sanitation in developing countries.
Epidemiology Review, 8:117-128.

GIUGLIANI, E. R. J., 1989. Brazil’s progress towards
meeting WHO goals of health for all by the year
2000. Journal of Pediatric, 35:133-136.

GORTER, A. C.; ALBERTS, J. F; GAGO, J. F. & SANDI-
FORD, P, 1995. A randomized trial of the impact
of rope-pumps on water quality. Journal of Tropi-
cal Medicine and Hygiene, 98:247-255.

HAINES, A., 1995. Primary health care at last for
Brazil? (editorial). Brazilian Medical Journal,
310:1346-1347.

Cad. Saude Publica, Rio de Janeiro, 14(2):265-277, abr-jun, 1998

nomic, demographic, and environmental situ-
ations to better evaluate possibilities and con-
straints in the improvements of rural water
supplies and sanitation. Rural development
planners must consider these constraints and
facilitate community participation in an effort
to assure the acceptability and maintenance of
improved systems.

KHAIRY, A. M., 1986. Domestic water supplies and
community self-help in Siddi-Ghazzi area-Nile
Delta. Bulletin of High Institute of Health, 16:9-22.

KLOOS, H.; HIGASHI, G. I.; CATTANI, J. A.; SCHINS-
Kl, V. D.; MANSOUR, N. S. & MURRELL, K. D.,
1983. Water contact behavior and schistosomia-
sis in an Upper Egyptian village. Social Science
and Medicine, 17:545-562.

KLOOS, H.; HIGASHI, G. I.; SCHINSKI, V. D.; MAN-
SOUR, N. S.; MURRELL, K. D. & DEWOLFE
MILLER, F, 1990. Water contact and Schistosoma
haematobium infection: a case study from an
Egyptian village. International Journal of Epi-
demiology, 19:749-758.

KLOOS, H.; FULFORD, A.J. C.; BUTTERWORTH, A.
E.; STURROCK, R. F; OUMA, J. H.; KARIUKI, H.
C.; THIONGO, F W.; DALTON, P.R. & KLUMPPR, R.
K., 1997a. Spatial patterns of human water con-
tact and Schistosoma mansoni transmission and
infection in four rural areas in Machakos Dis-
trict, Kenya. Social Science and Medicine, 44:949-
968.

KLOOS, H.; GAZZINELLI, A.; SOUZA, M.C.C. & NAS-
CIMENTO, I., 1997b. Microgeographical analysis
of schistosomiasis and water contact behavior:
examples from Africa and Brazil. Paper presented
at the Sixth International Symposium on Schisto-



somiasis. Centro de Pesquisas René Rachou, FIO-
CRUZ, Belo Horizonte, October 19-24.

MOHUNDWA, E. P. Y., 1986. Rural development and
primary health care in less developed countries.
Social Science and Medicine, 22:1247-1256.

SARA, J.; GROSS, A. & VAN DEN BERG, C., 1996. Rural
Water Supply and Sanitation in Bolivia: From Pi-
lot Project to National Program. Washington:
World Bank.

SAUNDERS, R. J. & WARFORD, J. J., 1976. Village Wa-
ter Supply: Economics and Policy in The Develop-
ing World. Baltimore: The Johns Hopkins Univer-
sity Press.

SAWYER, R., 1996. The Promotion of a Participatory
Development Approach in the Water and Sanita-
tion Sector. Washington: UNDP/World Bank.

SOME, E. S. & OMURWA, T., 1994. Seasonality and
community satisfaction with sources of domestic
water in the Lake Victoria basin. Eastern African
Medical Journal, 71:39-41.

TEKA, G. A., 1993. Water supply and sanitation. In:
The Ecology of Health and Diseases in Ethiopia
(H. Kloos & Z. A. Zein, eds.), pp. 179-190. Boulder
and Oxford: Westview Press.

DOMESTIC WATER USE IN RURAL BRAZIL

TONIOLO, W. J., 1982. Programas de abastecimentos
de 4gua as populagdes de baixa renda. Revista
DAE Séo Paulo, 42:23-28.

USAID (U.S. Agency for International Development),
1982. Domestic Water and Sanitation. PPC Policy
Paper. Washington: USAID.

VANDERSLICE, J. & BRISCOE, J., 1995. Environmen-
tal interventions in developing countries: inter-
actions and their implications. American Journal
of Epidemiology, 141:135-144.

WHITE, G. F; BRADLEY, D.J. & WHITE, A. U., 1972.
Drawers of Water: Domestic Water Use in East
Africa. Chicago: The University of Chicago Press.

WHO (World Health Organization), 1979. Workshop
on the Role of Human/Water Contact in Schistoso-
miasis Transmission and Control. Geneva: WHO
Document TDR/SER/HWC/. 3.

YEPES, G. & DIANDERAS, A., 1996. Water and Waste-
water Utilities: Indicators. 2nd Edition. Washing-
ton: World Bank.

Cad. Salde Publica, Rio de Janeiro, 14(2):265-277, abr-jun, 1998

277



